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&5<2*(1,&6 &(51 &RQQHFWLRQ�WR�45/ DOO

)1$/ &RQQHFWLRQ�WR�4� DOO

%1/ &RQQHFWLRQ�WR�'� ,3���,3�

&(51 &RQQHFWLRQ�WR�*+H�5HFRYHU\�/LQH DOO

0$*1(7�32:(5,1* &(51 &RQQHFWLRQ�WR�3RZHU�&RQYHUWHUV DOO

)1$/ �4��4���DQG�&RUUHFWRU�%XV�%DU�+RRN�XS DOO

%1/ �'���%XV�%DU�+RRN�XS ,3���,3�

(/(&75,&$/�6,*1$/6 )1$/ �4��4���,QVWUXPHQW�%XV�&RQQHFWLRQ DOO

	�+($7(5�32:(5 %1/ �'���,QVWUXPHQW�%XV�&RQQHFWLRQ ,3���,3�

&(51 ')%;�,QVWUXPHQWDWLRQ DOO

&(51 ,QVWUXPHQWDWLRQ�&RQQHFWRUV DOO

9$&880 )1$/ 9DFXXP�&ORVHRXW�6OHHYH�WR�4� DOO

%1/ 9DFXXP�&ORVHRXW�6OHHYH�WR�'� ,3���,3�

&(51 9DFXXP�&ORVHRXW�6OHHYHV�WR�45/ DOO

&(51�
%1/�

)1$/
%HDP�7XEH�&RQQHFWLRQV DOO

&(51 &RQQHFWLRQ�WR�%HDP�7XEH�3XPSLQJ�6WDWLRQ ,3���,3�

&(51 &RQQHFWLRQ�WR�,QVXODWLRQ�9DFXXP�3XPSLQJ DOO

,167$//$7,21 &(51 7XQQHO�7UDQVSRUW�DQG�/LIWLQJ�(TXLSPHQW DOO

$/,*10(17 &(51 $OLJQPHQW�)LGXFLDO�/RFDWLRQV DOO
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Cooldown, Quench

Shield Cooling

4.5 K Cooling

HTS Cooling

1.9 K Supply

1.9 K Return

Conduction  Cooled1

2

3

Vapor  Cooled

MQX Leads

4 Electrical Signals

Level Sensor

Heater

Temp SensorTT

H

LT

PT Pressure Sensor
FT Flowmeter

Automatic Control Valve
           (Fail Closed)

Automatic Control Valve
           (Fail Open)

Automatic On-Off Valve
           (Fail Closed)

Relief Valve

CERN Special Safety Relief
Valve

JT
Joule-Thompson Valve

TCV Temperature-Controlled
Valve

Heat Exchanger

1.9 K, 16 mBar

1.9 K, 1 Bar

4.5 K, 1.3 Bar

Shield

HTS

FNAL

FNAL

CERN-LHC CERN-LHC

300 K, 1 Bar

TCV

1 2 3 4

C

D

B

E

F

4.6 K, 3 Bar

20 K, 1.3 Bar

4 K, 16 mBar

  66 K, 18.5
Bar

  75 K, 18.1
Bar

CERN-LHCCERN-LHC

QRL

TAS & SUPPORTS

Q1-Q3 DFBXB

Positive Slope

FT

TT

TT

TT

TT

H

LT

TTPT

TT

QRLS

QQSBQQSA

TT

TT

TT
TT

4

PT

JT

JT JT

TCV

JT
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Cooldown, Quench

Shield Cooling

4.5 K Cooling

HTS Cooling

1.9 K Supply

1.9 K Return

Conduction  Cooled1

2

3

Vapor  Cooled

MQX & MBX Leads

4 Electrical Signals

Level Sensor

Heater

Temp SensorTT

H

LT

PT Pressure Sensor

FT Flowmeter

Automatic Control Valve
           (Fail Closed)

Automatic Control Valve
           (Fail Open)

Automatic On-Off Valve
           (Fail Closed)

Relief Valve

CERN Special Safety Relief
Valve

H

LT Liquid Collector with
Sensors

JT
Joule-Thompson Valve

TCV
Temperature-Controlled
Valve

Heat Exchanger

1.9 K, 16 mBar

1.9 K, 1 Bar

4.5 K, 1.3 Bar

Shield

HTS

QQSB

FNAL

FNAL

CERN-LHCCERN-LHC

300 K, 1 Bar

1234

C

D

B

E

F

4.6 K, 3 Bar

20 K, 1.3 Bar

4 K, 16 mBar

66 K, 18.5
Bar

75 K, 18.1
Bar

CERN-LHC CERN-LHC

QRL

SUPPORTS

Q1-Q3

DFBXC

FT

TT

TT

TT

TT

H

LT

TT PT

TT

QRLS

Beam Screen

BNL

BNL
QQSA

Positive Slope

TCV

D1

4

PT PT

4

TT

TT

TT

TT

TT

H

LT

JTJT

JTJT

TCV

JT

JT
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Required Required 
Heat Load, Heat Load, Heat Load, HTS Lead V.C. Lead Excess

Watts Watts Watts Flow, Flow, Boiloff,
to 50 K to 4.5 K to 1.9 K g/sec g/sec g/sec

DFBX at IP1 or IP5 (Standby) 400 81 5 1.3 0.2 1.7
DFBX at IP1 or IP5 (Operation) 400 103 9 2.2 0.3 1.6

DFBX at IP2 or IP8 (Standby) 396 81 7 1.9 0.2 1.1
DFBX at IP2 or IP8 (Operation) 396 91 10 3.2 0.3 0.0
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